The taxonomy of strain CCUG 55240 T , a Gram-staining-positive, aerobic, endospore-forming bacterium that was isolated from a paper mill, was investigated using a polyphasic approach. In phylogenetic analysis based on 16S rRNA gene sequences, the novel strain was grouped with established members of the genus Paenibacillus and appeared most closely related to the type strains of Paenibacillus chinjuensis (93.7 % sequence similarity), P. elgii (93.7 %) and P. chitinolyticus (93.6 %). The levels of 16S rRNA gene sequence similarity with other species of the genus Paenibacillus, including the type species of the genus, Paenibacillus polymyxa, were all ,93.5 %. The fatty acid profile of strain CCUG 55240 T , which showed a predominance of iso-and anteiso-branched fatty acids, supported the allocation of the strain to the genus Paenibacillus. Unusually high amounts of some iso-branched fatty acids, especially iso-C 15 : 0 and iso-C 16 : 0 , allowed differentiation of strain CCUG 55240
The genus Paenibacillus as proposed by Ash et al. (1993) accommodates bacilli of '16S rRNA group 3', which can be distinguished from other bacilli by several phenotypic characteristics as well as by using a highly specific 16S rRNA gene probe (Ash et al., 1993) . At the time of writing, there are more than 100 species of the genus Paenibacillus and they can be found in habitats as varied as warm springs, rice fields, Antarctic sediments and the phyllospheres and rhizospheres of trees (Lim et al., 2006) . The type species is Paenibacillus polymyxa (Ash et al., 1993) . Although cells of the genus are Gram-staining-positive rods, the Gram-staining reaction is often weak. Ellipsoidal endospores are formed and acid can be produced from various sugars (Ash et al., 1993) .
In 2007, an endospore-forming organism was isolated from an industrial paper mill in Sweden, after incubation of an unspecified sample on blood agar at 37 uC. The organism, subsequently known as strain CCUG 55240
T , was subcultured on tryptone soy agar (TSA; Oxoid) at 30 u C for 24 h. Gram staining was performed as described by Gerhardt et al. (1994) . Cell morphology was observed under a Zeiss light microscope at a magnification of 61000, using cells that had been grown for 3 days at 25 uC on TSA. The 16S rRNA gene of the novel strain was analysed as described previously (Kämpfer et al., 2003) .
Genomic DNA was isolated by using a commercial DNA extraction kit (GenElute Plant Genomic DNA kit, Sigma). Multiple alignment and analysis of 16S rRNA gene sequences were performed using the December 2007 release of the ARB software package (Ludwig et al., 2004) and the corresponding, August 2009 release of the SILVA SSURef 100 database (Pruesse et al., 2007) . Phylogenetic trees were then constructed using neighbour-joining and maximum-parsimony algorithms and the maximum-likelihood method with fastDNAml (Olsen et al., 1994) . Although clustering in the neighbour-joining tree (results not shown) was the same, with respect to strain CCUG 55240 T , as that in the maximum-likelihood tree ( Fig. 1 ), the clustering in the maximum-parsimony tree (Fig. S1 , available in IJSEM Online) differed from that in the other two trees. Urdiain et al. (2008) , was 53.9 mol%.
The diamino acid of the cell-wall peptidoglycan, determined using cells grown on nutrient agar (Oxoid) and the method described by Schleifer (1985) , was meso-diaminopimelic acid. Quinones and polar lipids were extracted by the integrated method previously described (Tindall, 1990a, b; Altenburger et al., 1996) . Biomass for polyamine analysis was harvested at the late exponential phase of growth, as recommended by Altenburger et al. (1997) . HPLC analyses were carried out using the equipment described by Stolz et al. (2007) . Although the predominant menaquinone was MK-7 (97.6 %), minor amounts of MK-8 (2.2 %) and MK-6 (0.2 %) were also detected.
The major polar lipids (Fig. 2) were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), an unidentified glycolipid (GL2), an unidentified aminophosphoglycolipid (APGL) and an unidentified phospholipid (PL). Minor amounts of some other unidentified lipids were detected, including three more glycolipids (GL1, GL4 and GL6, with GL1 appearing chromatographically identical to the b-gentiobiosyldiacylglycerol in Bacillus subtilis; Kämpfer et al., 2006) , an aminoglycolipid (AGL), an aminolipid (AL) and two other polar lipids (L1 and L4) that were not stained with spray reagents specific for free amino groups, phosphate or sugars. [Unidentified lipids considered to be identical to those reported in P. polymyxa were given the same labels as previously used for P. polymyxa (Kämpfer et al., 2006; Saha et al., 2010) .] Its polar lipid profile clearly distinguished strain CCUG 55240
T from P. polymyxa IAM 13419
T (Saha et al., 2010) . For example, strain CCUG 55240
T contained an unidentified aminophosphoglycolipid that was not present in P. polymyxa while P. polymyxa contained an aminophospholipid (PN1; probably phosphatidylmonomethylethanolamine) that was not detected in the novel strain. Phosphatidylmonomethylethanolamine (or an aminophospholipid that appeared chromatographically identical to it) has been reported in several Paenibacillus species, including P. pectinilyticus (Park et al., 2009) , P. rigui (Baik et al., 2011) and P. xylanisolvens (Khianngam et al., 2011) . Within the family Paenibacillaceae lineage, the presence of an aminophosphoglycolipid has been only rarely reported, in, for example, a species of the genus Fontibacillus and P. motobuensis (Saha et al., 2010; Lee et al., 2011) . The latter species is only distantly related to P. polymyxa, as indicated by a low level of 16S rRNA gene sequence similarity (,95 %). Although strain CCUG 55240 T and P. motobuensis both possess an aminophosphoglycolipid, the level of their 16S rRNA gene similarity (,92 %) indicates that they are not closely related. The limited data available indicate that polar lipid profiles could be very useful in distinguishing Paenibacillus species but it remains unclear whether such profiles are reflecting phylogenetic relationships within the genus. The major polyamine of strain CCUG 55240 T was found to be spermidine, which was present at a concentration of 62.7 mmol (g dry weight)
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] were also detected. Although P. polymyxa has been reported to have a generally similar polyamine pattern, it also contains high amounts of cadaverine (Hamana et al., 1989) . A direct comparison of P. polymyxa polyamines, as reported by Hamana et al. (1989) , with the polyamines of strain CCUG 55240 T , as reported above, is hampered by a difference in methods, with the reported concentrations based on wet and dry biomass, respectively. A rough estimation indicates, however, that the concentration of spermidine in strain CCUG 55240
T must be at least 50-fold higher than the corresponding value for P. polymyxa.
Fatty acids were analysed as described by Kämpfer & Kroppenstedt (1996) , using cells grown on tryptone soy agar for 72 h at 28 u C, a gas chromatograph (6890, Hewlett Packard), version 2.11 of the Sherlock Microbial Identification System (MIDI) and version 4.1 of the TSBA database of the Microbial Identification System (Sasser, 1990) . The predominant fatty acids of strain CCUG 55240 T were iso-and anteiso-branched fatty acids (Table 1) . Although the fatty acid profile of strain CCUG 55240 T was generally similar to the profiles of the most closely related species of the genus Paenibacillus, the novel strain produced higher amounts of iso-branched fatty acids, particularly iso-C 15 : 0 and iso-C 16 : 0 . (Enright et al., 2003; Kuroshima et al., 1996) . Fatty acids that occurred at ,0.5 % in all eight strains are not shown. 2, Not detected. Strain CCUG 55240 T grew well on nutrient agar, TSA and R2A agar (Oxoid) at 28 u C. The strain grew well at temperatures between 15 and 45 u C, but no growth was observed at or below 10 u C or at or above 50 u C. In R2A broth (Oxoid), the novel strain grew with NaCl at 1-3 % (w/v). Growth also occurred in R2A at pH 5.5-7.5 but no growth was observed at pH 4.5 or pH 8.5. The results of the physiological characterization, performed using methods described previously (Kämpfer, 1990; Kämpfer et al., 1991) , are given in Table 2 and in the species description. After 72 h incubation at 25 u C, strain CCUG 55240
T showed acid production only with two sugars and, in both cases, production was weak. More sugars or sugar-related compounds could be utilized as sole sources of carbon. A distinct physiological and biochemical profile allowed differentiation of the novel strain from the type strains of the most closely related species.
Phylogenetic analysis based on 16S rRNA gene sequences and the strain's predominant menaquinone and fatty acid profile all indicated that strain CCUG 55240
T should be considered a member of the genus Paenibacillus. Pairwise comparisons using the calculations provided by the ARB programme indicated that the novel strain was most closely related to P. chinjuensis, P. elgii and P. chitinolyticus but with sequence similarities no higher than 93.6 %. Phylogenetic analysis based on the maximum-likelihood analysis (Fig. 1) clustered the novel strain with P. alginolyticus, P. chondroitinus and P. pectinilyticus but, in the pairwise comparisons with the novel strain, these three species showed even lower 16S rRNA gene sequence similarities, of 91.3 %, 92.1 % and 92.3 %, respectively.
As the polar lipids of strain CCUG 55240 T showed some striking differences compared with those of the type species of the genus Paenibacillus, P. polymyxa, the possibility that the novel strain should be assigned to a novel genus has to be considered. However, there appear to be no recognized species that have polar lipid profiles similar to that of strain CCUG 55240 T or other common traits that would support the proposal of a novel genus. Strain CCUG 55240
T is therefore assigned to the genus Paenibacillus as a novel species, for which the name Paenibacillus chartarius sp. nov. is proposed. The type strain is CCUG 55240
Description of Paenibacillus chartarius sp. nov.
Paenibacillus chartarius (char.ta9ri.us. L. masc. adj. chartarius of, or pertaining to, paper).
Cells are Gram-staining-positive, non-motile, strictly aerobic rods that measure 0.8-1.0 mm in diameter and 2.0-3.0 mm in length. Cells form terminal oval endospores. Colonies grown on TSA are circular, convex and beige. Grows at 15-45 u C (optimum 30 u C), but not at 10 u C or (Lee et al., 2004) ; 6, P. polymyxa DSM 36 T (Enright et al., 2003; Kuroshima et al., 1996) ; 7, P. daejeonensis AP-20 T (Lee et al., 2002) ; 8, P. ehimensis KCTC 3748 T (Lee et al., 2004 Lee et al. (2004) . DResult from present study; not determined by Enright et al. (2003) . dDetermined by Yoon et al. (2002) ; all other data for P. chinjuensis come from the present study and agree with the observations made by Yoon et al. (2002) . 50 u C. Grows at pH 5.5-7.5 (optimum pH 6.5) and in R2A broth containing 1-3 % (w/v) NaCl. The cell-wall peptidoglycan contains meso-diaminopimelic acid. The major menaquinone is MK-7 but minor amounts of MK-8 and MK-6 are also present. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, one unidentified glycolipid, one unidentified aminophosphoglycolipid and one unidentified phospholipid. Minor amounts of other unidentified lipids are detectable, including three glycolipids (one of which is probably b-gentiobiosyldiacylglycerol), one aminoglycolipid, one aminolipid and two polar lipids. The predominant polyamine is spermidine. Major fatty acids are iso-C 15 : 0 , iso-C 16 : 0 , with anteiso-C 15 : 0 . C 16 : 0 , anteiso-C 17 : 0 and iso-C 17 : 0 also present.
The type strain CCUG 55240 T (5CCM 7759 T ) was isolated from an industrial paper mill in Sweden. The genomic DNA G+C content of the type strain is 53.9 mol%.
